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(57) ABSTRACT

There are provided a new compound which has the following
general formula (1) and which is useful as a coloring material,
an ink containing the compound, an ink cartridge containing
the ink and an ink jet recording method including ejecting the
ink from a recording head of an ink jet system to record an
image on a recording medium.

general formula (1)

R3 R 1 R6 RS

Ro
Rs

T @

12 Claims, 6 Drawing Sheets
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COMPOUND, INK, INK CARTRIDGE AND
INK JET RECORDING METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a new compound useful as
a coloring material, an ink containing the compound and so
forth.

2. Description of the Related Art

Compounds with xanthene skeletons have been known as
coloring materials having magenta hues and good color
developability. Each of the compounds with xanthene skel-
etons has two high absorption bands (x-band and y-band) in
the visible region. The complementary colors of the x-band
on the side of longer wavelengths and the y-band on the side
of shorter wavelengths are mixed together to produce a hue to
be visually recognized, thus providing good color develop-
ability. Among compounds with xanthene skeletons, C.I.
Acid Red 289 is widely known as a coloring material having
a magenta hue and very satisfactory color developability and
transparency.

However, compounds with xanthene skeletons, typified by
C.I. Acid Red 289, in the related art have a problem of low
light fastness. To improve the light fastness of compounds
with xanthene skeletons, attempts have been made to modify
the structure (see Japanese Patent Laid-Open Nos. H09-
241553, 2008-094897 and 2011-148973).

Furthermore, compounds with xanthene skeletons are dis-
colored and spread by water in an environment, in other
words, disadvantageously have low moisture resistance. In
particular, in the case where a compound with a xanthene
skeleton is used as a coloring material for an ink jet ink, the
compound has been strongly required to have improved mois-
ture resistance in order to form a high-resolution image,
which has been required in recent years. To improve the
moisture resistance of a compound having a magenta hue,
Japanese Patent [Laid-Open No. 2011-012143 discloses that
the structure of a compound having an anthrapyridone skel-
eton and the type of counter ion are specified and that an ink
is used in combination with specific crown ethers. However,
the modification of the structure of a compound having a
xanthene skeleton has not been reported from the viewpoint
of improving the moisture resistance.

As described above, levels required for the color develop-
ability, the light fastness and the moisture resistance of col-
oring materials have been increased year by year. However,
no magenta coloring material that satisfies the foregoing
requirement is present. For example, in the compound
described in Japanese Patent Laid-Open No. H09-241553 is
bluish as compared with C.I. Acid Red 289 and thus has an
unsatisfactory hue as a coloring material for magenta. The
compound described in Japanese Patent Laid-Open No.
2008-094897 is distinctly bluish as compared with C.I. Acid
Red 289 and thus is inadequate to be used as a coloring
material for magenta. The compound described in Japanese
Patent Laid-Open No. 2011-148973 has satisfactory light
fastness but low moisture resistance. Although the ink
described in Japanese Patent Laid-Open No. 2011-012143
contains the compound having an anthrapyridone skeleton,
the ink is insufficient for the color developability and trans-
parency as magenta.

SUMMARY OF THE INVENTION

An embodiment of the present invention provides a com-
pound useful as a coloring material, the compound having
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2

high magenta color developability and excellent light fastness
and moisture resistance. Furthermore, an embodiment of the
present invention provides an ink containing the compound,
an ink cartridge including the ink and an ink jet recording
method.

One disclosed aspect of the present invention provides a
compound represented by the following general formula (1):

general formula (1)
_ R, R —
R3 R] R6 RS
Ry Ry
Rs Rio

T @

wherein R |, Rs, R and R, each independently represent an
alkyl group; R, and R each independently represent a hydro-
gen atom, an alkyl group, an alkoxy group or an aryloxy
group; R,, R,, R, and R, each independently represent a
hydrogen atom, an alkyl group, an alkoxy group, an aryloxy
group or a group represented by the general formula (2)
described below, at least one of R,, R, R, and R, represents
an alkyl group, an alkoxy group or an aryloxy group, and at
least one of R,, R,, R, and R, represents a group represented
by general formula (2) described below; Z independently
represents a sulfonic group or a sulfamoyl group; n represents
an integer of 0 to 3 when at least one of R,, R;, R,, R, Rgand
R, contains an ionic group, and nrepresents an integer of 1 to
3 when none of R,, R, R,, R, Rg and R, contains an ionic
group; and when Z is present, 7. is substituted for at least one
hydrogen atom of an aromatic ring in the general formula (1),

general formula (2)
e}
)k /*
H

wherein R, | represents an alkyl group, a cycloalkyl group, an
aryl group, an aralkyl group, an alkenyl group or a heterocy-
clic group; and * represents the bonding site of an aromatic
ring in the general formula (1).

An embodiment of the present invention provides a com-
pound useful as a coloring material, the compound having
high magenta color developability comparable to C.1. Acid
Red 289 and overcoming the drawbacks of C.1. Acid Red 289,
i.e., having improved light fastness and moisture resistance.
Other embodiments of the present invention provide an ink
containing the coloring material, an ink cartridge including
the ink and an ink jet recording method.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a chart illustrating the results of "H NMR analysis
of exemplified compound 1.
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FIG. 2 is a chart illustrating the results of "H NMR analysis
of exemplified compound 4.

FIG. 3 is a chart illustrating the results of "H NMR analysis
of exemplified compound 15.

FIG. 4is a chart illustrating the results of '"H NMR analysis
of exemplified compound 16.

FIG. 5is a chart illustrating the results of '"H NMR analysis
of exemplified compound 27.

FIG. 6 is a chart illustrating the results of UV/Vis spectral
analysis of various compounds (in water, 25° C.).

DESCRIPTION OF THE EMBODIMENTS

Embodiments of the present invention will be described in
more detail below. In embodiments of the present invention,
in the case where a compound is a salt, the salt can be disso-
ciated in an aqueous liquid, such as water or ink, and present
in the form of ions. For convenience, however, the ions are
referred to as a “salt”.

Compound Represented by General Formula (1)

The inventors have conducted studies and have found a
compound represented by the general formula (1) as a com-
pound having high magenta color developability comparable
to C.I. Acid Red 289 and having excellent light fastness and
humidity resistance. In the compound represented by general
formula (1), benzene rings bonded to a xanthene skeleton via
amino groups are substituted with alkyl groups at the ortho-
positions (R, Rs, Ry and R, ) and are substituted with two
specific substituents at any of the meta-positions (R,, R,, R,
and R) with reference to the bonding position of the amino
groups.

general formula (1)

Ry

R; Rg

Rs

T @

wherein R |, R5, R and R, each independently represent an
alkyl group; R, and R each independently represent a hydro-
gen atom, an alkyl group, an alkoxy group or an aryloxy
group; R,, R,, R, and R, each independently represent a
hydrogen atom, an alkyl group, an alkoxy group, an aryloxy
group or a group represented by the general formula (2)
described below, at least one of R,, R, R, and R, represents
an alkyl group, an alkoxy group or an aryloxy group, and at
least one of R,, R,, R, and R, represents a group represented
by general formula (2) described below; Z independently
represents a sulfonic group or a sulfamoyl group; n represents
an integer of 0to 3 when atleast one of R, R5, R, R, Rgand
R, contains an ionic group, and n represents an integer of 1 to
3 when none of R,, R, R,, R, Ry and R, contains an ionic
group; and when Z is present, Z is substituted for at least one
hydrogen atom of an aromatic ring in the general formula (1),
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general formula (2)
e}
)k /*
Ry N
H

wherein R, | represents an alkyl group, a cycloalkyl group, an
aryl group, an aralkyl group, an alkenyl group or a heterocy-
clic group; and * represents the bonding site of an aromatic
ring in the general formula (1).

In the general formula (1), R;, Rs, Rg and R, each repre-
sentan alkyl group. R, R5, R; and R, , may have a substituent
as long as the spectral reflectance properties, light fastness
and moisture resistance of the compound represented by the
general formula (1) are not impaired. Examples of the sub-
stituent include a hydroxy group; alkoxy groups having 1to 3
carbon atoms, such as a methoxy group, an ethoxy group and
a propoxy group; a cyano group; and halogen atoms, such as
a fluorine atom, a chlorine atom and bromine atom.

Examples of the alkyl group of R;, R5, R and R include
a straight or a branched alkyl groups having 1 to 6, preferably
1 to 3, carbon atoms. Specific examples of the alkyl group
include unsubstituted alkyl groups, such as a methyl group, an
ethyl group, a n-propyl group, an isopropyl group, an n-butyl
group, an isobutyl group, a sec-butyl group, a tert-butyl
group, a 1-methylbutyl group, a n-pentyl group and a n-hexyl
group; and substituted alkyl groups, such as a hydroxyethyl
group, a methoxyethyl group, a cyanoethyl group and a trif-
luoromethyl group.

R,, R5, R and R, may represent an alkyl group having 1
to 3 carbon atoms because better light fastness is provided.
Specific examples thereof include a methyl group, an ethyl
group, an-propyl group and an isopropyl group. WhenR |, R,
Rgand R, haveasubstituent, R, Rs, R;and R, may have the
same substituent from the viewpoint of achieving good spec-
tral reflectance properties (for example, color developability,
a hue and transparency) and ensuring ease of synthesis.

In the general formula (1), R; and R each independently
represent a hydrogen atom, an alkyl group, an alkoxy group or
an aryloxy group. R; and R may have a substituent as long as
the spectral reflectance properties, light fastness and moisture
resistance of the compound represented by the general for-
mula (1) are not impaired. Examples of the substituent
include alkyl groups having 1 to 3 carbon atoms, such as a
methyl group, an ethyl group, a n-propyl group and an iso-
propyl group; aryl groups having 6 to 12 carbon atoms, such
as aphenyl group and a naphthyl group; aralkyl groups having
7 to 14 carbon atoms, such as a benzyl group, a 2-phenethyl
group and a naphthylethyl group; a hydroxy group; a carbam-
oyl group; a sulfamoyl group; alkoxy groups having 1 to 3
carbon atoms, such as a methoxy group, an ethoxy group, a
n-propoxy group and an isopropoxy group; a cyano group;
halogen atoms, such as a fluorine atom, a chlorine atom and a
bromine atom; and ionic groups, such as anionic groups (for
example, a carboxy group, a sulfonic group, a phosphate
group and a phosphonate group) and cationic groups (for
example, a triethylammonium group and trimethylammo-
nium group).

Examples of the alkyl group of R; and R include straight
or branched alkyl groups having 1 to 6, preferably 1 to 3,
carbon atoms. Specific examples thereof include unsubsti-
tuted alkyl groups, such as a methyl group, an ethyl group, a
n-propyl group, an isopropyl group, a n-butyl group, an isobu-
tyl group, a sec-butyl group, a tert-butyl group, a 1-methyl-
butyl group, a n-pentyl group and a n-hexyl group; and sub-
stituted alkyl groups, such as a hydroxyethyl group, a
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methoxyethyl group, a cyanoethyl group, a trifluoromethyl
group, a 3-sulfopropyl group and a 4-sulfobutyl group.

Examples ofthe alkoxy group of R; and R include straight
or branched alkoxy groups having 1 to 6, preferably 1 to 3,
carbon atoms. Specific examples thereof include unsubsti-
tuted alkoxy groups, such as a methoxy group, an ethoxy
group, a n-propoxy group and an isopropoxy group; and
substituted alkoxy groups, such as a methoxyethoxy group, a
hydroxyethoxy group and a 3-carboxypropoxy group.

Examples of the aryloxy group of R; and Ry include ary-
loxy groups having 6 to 12, preferably 6 to 10, carbon atoms.
Specific examples thereof include unsubstituted aryloxy
groups, such as a phenoxy group and a naphthoxy group; and
substituted aryloxy groups, such as a p-methoxyphenoxy
group, an o-methoxyphenoxy group, a tolyloxy group and a
xylyloxy group.

R; and R, may represent an alkyl group having 1 to 3
carbon atoms because better moisture resistance is provided.
Specific examples thereof include a methyl group, an ethyl
group, an-propyl group and an isopropyl group. When R, and
Rg have a substituent, R; and Ry may have the same substitu-
ent in view of the ease of synthesis.

Inthe general formula (1), R,, R,, R, and R, each indepen-
dently represent a hydrogen atom, an alkyl group, an alkoxy
group, an aryloxy group or a group represented by the general
formula (2), at least one of Ry, R,, R, and R, represents an
alkyl group, an alkoxy group or an aryloxy group, and at least
oneofRy, R,, R, and R, represents a group represented by the
general formula (2).

The compound represented by the general formula (1)
according to an embodiment of the present invention has high
magenta color developability comparable to C.I. Acid Red
289, excellent light fastness and humidity resistance. It is
important that at least one of R,, R, R, and R, represent an
alkyl group, an alkoxy group or an aryloxy group, and at least
one of R,, R,, R, and R, represent the group represented by
the general formula (2).

R,, R,, R, and R, may have a substituent as long as the
spectral reflectance properties, light fastness and moisture
resistance of the compound represented by the general for-
mula (1) are not impaired. Examples of the substituent
include alkyl groups having 1 to 3 carbon atoms, such as a
methyl group, an ethyl group, a n-propyl group and an iso-
propyl group; aryl groups having 6 to 12 carbon atoms, such
as aphenyl group and a naphthyl group; aralkyl groups having
7 to 14 carbon atoms, such as a benzyl group, a 2-phenethyl
group and a naphthylethyl group; a hydroxy group; a carbam-
oyl group; a sulfamoyl group; alkoxy groups having 1 to 3
carbon atoms, such as a methoxy group, an ethoxy group, a
n-propoxy group and an isopropoxy group; a cyano group;
halogen atoms, such as a fluorine atom, a chlorine atom and a
bromine atom; and ionic groups, such as anionic groups (for
example, a carboxy group, a sulfonic group, a phosphate
group and a phosphonate group) and cationic groups (for
example, a triethylammonium group and trimethylammo-
nium group).

Examples of the alkyl group of R, R,, R, and R, include a
straight or a branched alkyl groups having 1 to 6, preferably 1
to 3, carbon atoms. Specific examples thereof include unsub-
stituted alkyl groups, such as a methyl group, an ethyl group,
a n-propyl group, an isopropyl group, a n-butyl group, an
isobutyl group, a sec-butyl group, a tert-butyl group, a 1-me-
thylbutyl group, a n-pentyl group, a n-hexyl group; and sub-
stituted alkyl groups, such as a hydroxyethyl group, a meth-
oxyethyl group, a cyanoethyl group, a trifluoromethyl group,
a 3-sulfopropyl group and a 4-sulfobutyl group.
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Examples of the alkoxy group of R,, R,, R, and R, include
a straight or a branched alkoxy groups having 1 to 6, prefer-
ably 1 to 3, carbon atoms. Specific examples thereof include
unsubstituted alkoxy groups, such as a methoxy group, an
ethoxy group, a n-propoxy group and an isopropoxy group;
and substituted alkoxy groups, such as a methoxyethoxy
group, a hydroxyethoxy group and 3-carboxypropoxy group.

Examples of the aryloxy group ofR,, R,, R, and R, include
aryloxy groups having 6 to 12, preferably 6 to 10, carbon
atoms. Specific examples thereof include unsubstituted ary-
loxy groups, such as a phenoxy group and a naphthoxy group;
and substituted aryloxy groups, such as a p-methoxyphenoxy
group, an o-methoxyphenoxy group, a tolyloxy group and
xylyloxy group.

The group represented by the general formula (2) of R,, R,
R, and Ry is an acylamino group to which R, (for example,
an alkyl group, a cycloalkyl group, an aryl group, an aralkyl
group, an alkenyl group or a heterocyclic group) is bonded.
R,, may have a substituent as long as the spectral reflectance
properties, light fastness and moisture resistance of the com-
pound represented by the general formula (1) are not
impaired. Examples of the substituent include alkyl groups
having 1 to 3 carbon atoms, such as a methyl group, an ethyl
group, a n-propyl group and an isopropyl group; aryl groups
having 6 to 12 carbon atoms, such as a phenyl group and a
naphthyl group; aralkyl groups having 7 to 14 carbon atoms,
such as a benzyl group, a 2-phenethyl group and a naphthyl-
ethyl group; alkenyl groups having 2 to 4 carbon atoms, such
as a vinyl group, a 1-propenyl group, a 2-propenyl group, a
1-methylethenyl group, a 1-butenyl group, a 2-butenyl group
and a 3-butenyl group; alkoxy groups having 1 to 3 carbon
atoms, such as a methoxy group, an ethoxy group, a n-pro-
poxy group and an isopropoxy group; a cyano group; alky-
lamino groups having 1 to 3 carbon atoms, such as a methy-
lamino group, an ethylamino group, a n-propylamino group
and an isopropylamino group; sulfoalkyl groups having 1 to 3
carbon atoms, such as a sulfomethyl group, a sulfoethyl
group, a sulfo-n-propyl group and a sulfoisopropyl group; a
carbamoyl group; a sulfamoyl group; a sulfonylamino group;
halogen atoms, such as a fluorine atom, a chlorine atom and a
bromine atom; and ionic groups, such as anionic groups (for
example, a carboxy group, a sulfonic group, a phosphate
group and a phosphonate group) and cationic groups (for
example, a triethylammonium group and trimethylammo-
nium group).

Examples of the alkyl group of R, include a straight or a
branched alkyl groups having 1 to 6, preferably 1 to 3, carbon
atoms. Specific examples thereof include unsubstituted alkyl
groups, such as a methyl group, an ethyl group, a n-propyl
group, an isopropyl group, a n-butyl group, an isobutyl group,
a sec-butyl group, a tert-butyl group, a 1-methylbutyl group,
a n-pentyl group and a n-hexyl group; and substituted alkyl
groups, such as a hydroxyethyl group, a methoxyethyl group,
a cyanoethyl group, a trifluoromethyl group, a 3-sulfopropyl
group and a 4-sulfobutyl group.

Examples of the cycloalkyl group represented by R,
include cycloalkyl groups having 3 to 10, preferably 5 to 7,
carbon atoms. Specific examples thereof include a cyclopen-
tyl group, a cyclohexyl group and a cycloheptyl group.

Examples of the aryl group represented by R, include aryl
groups having 6 to 12, preferably 6 to 10, carbon atoms.
Specific examples thereof include unsubstituted aryl groups,
such as a phenyl group and a naphthoxy group; and substi-
tuted aryl groups, such as a p-tolyl group, a p-methoxyphenyl
group, an o-chlorophenyl group, a m-(3-sulfopropylamino)
phenyl group and an o-carboxyphenyl group.
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Examples of the aralkyl group represented by R, include
aralkyl groups having 7 to 14, preferably 7 to 10, carbon
atoms. Specific examples thereof include a benzyl group, a
2-phenethyl group and a naphthylethyl group.

Examples of the alkenyl group represented by R, include
a straight or a branched alkenyl groups having 2 to 6, prefer-
ably 2 to 4 carbon atoms. Specific examples thereofinclude a
vinyl group, a 1-propenyl group, a 2-propenyl group, a 1-me-
thylethenyl group, a 1-butenyl group, a 2-butenyl group and a
3-butenyl group.

The heterocyclic group represented by R, ; may be a 5- or
6-membered heterocyclic group. Examples of a heteroatom
include a nitrogen atom, an oxygen atom and a sulfur atom.
Theheterocycle may be fused to an aliphatic ring, an aromatic
ring and another heterocycle. Examples thereof include an
imidazolyl group, a benzoimidazolyl group, a pyrazolyl
group, a benzopyrazolyl group, a triazolyl group, a triazolyl
group, a benzothiazolyl group, an isothiazolyl group, a ben-
zoisothiazolyl group, an oxazolyl group, a benzoxazolyl
group, a thiadiazolyl group, a pyrrolyl group, a benzopyrrolyl
group, an indolyl group, an isoxazolyl group, a benzoisox-
azolyl group, a thienyl group, a benzothienyl group, a furyl
group, a benzofuryl group, a pyridyl group, a quinolyl group,
an isoquinolyl group, a pyridazinyl group, a pyrimidinyl
group, a pyrazinyl group, a cinnolinyl group, a phthalazinyl
group, a quinazolinyl group, a quinoxalinyl group and triazi-
nyl group.

R,; may represent an alkyl group, a cycloalkyl group, an
aryl group or an aralkyl group because satisfactory color
developability is provided. R, may represent an alkyl group
or an aryl group because better moisture resistance and light
fastness are provided.

At least one of R,, R,, R, and R, may represent an alkyl
group or an alkoxy group, and the total number of carbon
atoms in the alkyl group or the alkoxy group in the compound
represented by the general formula (1) may be 2 or more and
8 or less. In this case, the moisture resistance and the solubil-
ity in water are improved. In other words, in the case where
only one group among R,, R,, R, and R, represents an alkyl
group or an alkoxy group, the number of carbon atoms therein
may be 2 or more and 8 or less. In the case where a plurality
of groups among R,, R,, R, and R, represent an alkyl group
or an alkoxy group, the number of carbon atoms therein may
be 2 or more and 8 or less. In particular, a plurality of groups
among R,, R,, R, and R, represent an alkyl group or an
alkoxy group, and the number of carbon atoms therein may be
2 ormore and 8 or less. Furthermore, two ofR,,R,, R, and R,
may represent a group represented by the general formula (2)
because better moisture resistance is provided.

In the case where the compound represented by the general
formula (1) contains two or more groups represented by the
general formula (2), the two or more groups represented by
the general formula (2) may have the same structure in view
of the ease of synthesis of the compound represented by the
general formula (1). Furthermore, both of R, and R, may
represent the group represented by the general formula (2),
and bothof R, and R, may represent an alkyl group. R, and R
may represent the same group. R, and R, may represent the
same group. R; and Ry may represent the same group. R, and
R, may represent the same group. R and R, , may represent
the same group. That means each of the combination of R,
and Rg, R, and R, R; and Rg, and R and R, may represent
the same group.

In the general formula (1), Z independently represents a
sulfonic group or a sulfamoyl group. n represents an integer of
0 to 3 when at least one of R,, R, R,, R, Rg and R, contains
an ionic group. n represents an integer of 1 to 3 when none of
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R,, R, R4, R, Ry and R, contains an ionic group. When Z is
present, Z is substituted for at least one hydrogen atom of an
aromatic ring in the general formula (1). Examples of the
ionic group that may be contained in at leastone of R,, R5, R,
R,, Rg and R, include anionic groups, such as a carboxy
group, a sulfonic group, a phosphate group and a phosphonate
group; and cationic groups, such as a triethylammonium
group and trimethylammonium group.

n indicates the number of Z serving as a substituent in the
general formula (1) and represents an integer of 0 to 3. Spe-
cifically, when n=0, the compound represented by the general
formula (1) does not contain a sulfonic group or a sulfamoyl
group as Z. In this case, at least one of R,, R;, R,, R, Ry and
R, needs to contain an ionic group in order to ensure the
solubility of the compound in water. When at least one of R,
R;, R,, R, Rg and R, contains an ionic group, the compound
can dissolve in water owing to the ionic group. Thus, n may
represent 0. According to an embodiment of the present
invention, n may represent 1 or more because of better solu-
bility in water. n may represent 3 or less in order to provide
high moisture resistance. The compound represented by the
general formula (1) may be a mixture of a plurality of com-
pounds having different values of n.

The sulfonic group represented by Z may be of the form of
acid or salt. In the case of a sulfonic group in the form ofa salt,
while at least part of the sulfonic group in the form of a salt
may be ionically dissociated in an aqueous ink to form a
counter ion, the group is referred to as the “sulfonic group in
the form of a salt” in this specification, for convenience.

In the case of a sulfonic group in the form of a salt,
examples of the counter ion to form a salt include ions of
alkali metals, such as lithium, sodium and potassium; an
unsubstituted ammonium ion; and ions of organic ammo-
nium, such as methylammonium, dimethylammonium, trim-
ethylammonium, tetramethylammonium, ethylammonium,
diethylammonium, triethylammonium, tetraethylammo-
nium, n-propylammonium, isopropylammonium, diisopro-
pylammonium, n-butylammonium, tetra-n-butylammonium,
isobutylammonium, monoethanolammonium, diethanolam-
monium and triethanolammonium. In addition to the sulfonic
group represented by Z, the ionic group that may be repre-
sented by at least one of R,, R5, R4, R, Rg and Ry may also be
of the type of acid or salt. For example, in the case of an
anionic group in the form of a salt, examples of a counter ion
include the same counter ions as described above.

The sulfamoyl group represented by Z may have a substitu-
ent as long as the spectral reflectance properties, light fastness
and moisture resistance of the compound represented by the
general formula (1) are not impaired. Examples of the sub-
stituent include alkyl groups having 1 to 3 carbon atoms, such
as a methyl group, an ethyl group, a n-propyl group and an
isopropyl group. Examples of the sulfamoyl group include an
unsubstituted sulfamoyl group (aminosulfonyl group); and
sulfamoyl groups each substituted with an alkyl group having
1 to 4 carbon atoms, such as a methylaminosulfonyl group, a
dimethylaminosulfonyl group and a butylaminosulfonyl
group.

According to an embodiment of the present invention, the
compound represented by the general formula (1) may have
an anionic group in the form of a salt because the solubility of
the compound in water is increased. Specifically, in the gen-
eral formula (1), n represents an integer of 1 to 3, and Z
represents a sulfonic group in the form of a salt. In this case,
the counter ion of the sulfonic group may be preferably at
least one selected from the group consisting of a lithium ion,
a sodium ion and an ammonium ion.
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The substitution position of Z in the main skeleton of the
compound represented by the general formula (1) (ie., a
structure within parentheses in the general formula (1))
depends on substitution positions of other substituents in the
general formula (1) and reaction conditions for sulfonation or
chlorosulfonation. In the case where all of R,, R5, R,, R, Ry
and R, represents a substituent other than a hydrogen atom
and where a substituent on R, does not have an aromatic
hydrogen atom, Z is substituted only for a hydrogen atom of
a xanthene skeleton. In the case where at least one of R,, R,
R,, R, Ry and R, represents a hydrogen atom, Z may be
substituted for the hydrogen atom. In the case where R || has
an aromatic ring and an aromatic hydrogen atom, an aromatic
ring may be substituted with Z. In an embodiment of the
present invention, Z may be substituted for a hydrogen atom
on the xanthene skeleton in view of the ease of synthesis.

The compound represented by the general formula (1) has
tautomers. Examples of the tautomers include compounds
represented by the general formulae (1a) and (1b) in addition
to the compound represented by the general formula (1). Inan
embodiment of the present invention, the compound repre-
sented by the general formula (1) includes these compounds
(tautomers) and their salts. R, to R, in the general formulae
(1a) and (1b) are defined the same as R, to R, in the general
formula (1).

R, Ry
R; Ry Re Rg
Ry Ry
Rs Ryo
L T D
general formula (1)
_ %
R3 R,
Ry
Rs

|

10

The compound represented by the general formula (1) may
be synthesized on the basis of a known method. An example
of a synthetic scheme is described below. R, to R,,, Z and n
in compounds (B), (C), (D) and (E) illustrated in the synthetic
scheme are defined the same as R, to R,,, Z and n in the
general formula (1). The compound represented by the gen-
eral formula (1) may be synthesized as a mixture of a plurality
of isomers, which differ in the types, numbers and positions
of substituents. According to an embodiment of the present
invention, for convenience, the term “compound” includes
the mixture.

Ry
R; Ry
Ry NH,
Rs
B)
A)
B R, Ry ]
R; Ry R¢ Rg
Ry Ry
Rs Ryo
L T Dn
general formula (1a)
R, ]
Re Rs
Ro
Rig

T @

general formula (1b)
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-continued
Ry Ry
R Ry Rg Rg
Ry Rg NH,
Rs Rio
- Db .
R, Ry
R; R Re Rg

T @

general formula (1)

In the exemplified synthetic scheme, the compound repre-
sented by the general formula (1) is synthesized through a first
condensation step illustrated in the first row, a second con-
densation step illustrated in the second row, and a sulfonation
or sulfamoylation step illustrated in the third row. However, in
the case where at least one of R,, R;, R,, R,, R and R,
contains an ionic group as a substituent, the sulfonation or
sulfamoylation step may not be performed.

First, in the first condensation step, compound (A) and
compound (B) are condensed by heating in the presence of an
organic solvent and a condensing agent, thereby forming
compound (C). Then in the second condensation step, com-
pound (D) and compound (C) formed in the first condensation
step are condensed by heating to form compound (E). Finally,
compound (E) formed in the second condensation step is
sulfonated with a sulfonating agent, for example, concen-
trated sulfuric acid or fuming sulfuric acid, thereby forming
the compound represented by the general formula (1) in
which Z represents a sulfonic group. Alternatively, compound
(E) formed in the second condensation step is subjected to
chlorosulfonation with, for example, chlorosulfonic acid and
then sulfamoylation by reaction with an amine compound, for
example, concentrated aqueous ammonia, an alkylamine or
an arylamine, thereby forming the compound represented by
the general formula (1) in which Z represents a sulfonic
group.

The organic solvent used in the synthetic scheme illus-
trated above will be described below. In the first condensation
step, for example, methanol, ethanol, n-propanol, isopropyl
alcohol and n-butanol may be used separately or in combina-
tion as a mixture. In the second condensation step, for
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example, ethylene glycol, N-methylpyrrolidone, N,N-dim-
ethylacetamide, N,N-dimethylformamide, dimethyl sulfox-
ide, sulfolane, chlorobenzene, dichlorobenzene, trichlo-
robenzene and nitrobenzene may be used separately or in
combination as a mixture.

The reaction temperature in the first condensation step is
preferably in the range of 60° C. to 100° C. and more prefer-
ably 70° C. or higher and 90° C. or lower. The reaction
temperature in the second condensation step is preferably in
the range of 120° C. to 220° C. and more preferably 180° C.
or lower.

In the case where a compound represented by the general
formula (1) inwhich R, to R arethe same groupand R toR |,
are the same group is synthesized, compounds (B) and (D)
used in the foregoing synthetic scheme may be identical. In
this case, thus, compound (E) may be formed through a single
condensation step from compound (A). The reaction tem-
perature is preferably in the range of 120° C. to 220° C. and
more preferably 180° C. or lower. Examples of the condens-
ing agent that may be used include magnesium oxide, zinc
chloride and aluminum chloride.

The compound, which is an end product, synthesized by
the synthetic scheme is treated according to a common post-
treatment method for reaction in organic synthesis and then
purified. As a result, the compound may be used for desired
applications, for example, a coloring material (dye) for ink.
The compound represented by the general formula (1) may be
identified by the use of, for example, 'H NMR analysis,
LC/MS analysis and UV/Vis spectral analysis.

The compound represented by the general formula (1)
according to an embodiment of the present invention has high
magenta color developability and excellent light fastness and
moisture resistance. The compound represented by the gen-
eral formula (1) may be suitably used as a coloring material
for use in various inks for printing, coating, writing imple-
ments, ink jet recording and so forth. In addition to various
inks, the compound represented by the general formula (1)
may be suitably used as a coloring material for optical record-
ing, color filters and so forth.

Ink

An ink according to an embodiment of the present inven-
tion contains the foregoing compound represented by the
general formula (1) as a coloring material (dye) and is suitable
as an ink jet ink. The content (% by mass) of the compound
represented by the general formula (1) in the ink is preferably
0.10% by mass or more and 10.00% by mass or less and more
preferably 0.20% by mass or more and 5.00% by mass or less
with respect to the total mass of the ink.

Other components contained in the ink according to an
embodiment of the present invention will be described below.
Another Coloring Material

The inventors have found that an ink containing a com-
pound which serves as a coloring material and which has a
different structure from that of the compound represented by
the general formula (1) in addition to the compound repre-
sented by the general formula (1) has further improved light
fastness without reducing the excellent moisture resistance of
the compound represented by the general formula (1).

Examples of the compound (another coloring material)
which has a different structure from that of the compound
represented by the general formula (1) and which may be used
in addition to the compound represented by the general for-
mula (1) include pigments and dyes. A dye may be used. A
compound having any hue, for example, cyan, magenta, yel-
low, red, blue, green or black, may be used as another coloring
material. In particular, a dye having a hue ranging from
magenta to red may be used. A dye of a compound having an
azo skeleton or anthrapyridone skeleton may be used. Spe-
cifically, a compound having a maximum absorption wave-
length (A,,,,,) in water o 380 to 590 nm, preferably 480 to 570
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nm, and more preferably 500 to 560 nm may be used from the -continued
viewpoint of achieving the effect of further improving color

developability.
Specific examples of the compound having an azo skeleton
or anthrapyridone skeleton include compounds having the ;
following structures in the form of free acids. Embodiments azo compound 2
of'the present invention are not limited to the following com-
pounds.
An example of the compound having an azo skeleton is a
compound described in Japanese Patent Laid-Open No

CH;

2006-143989. Specifically, azo compound 1 (A, . =555 nm) 10
illustrated blow may be used. Furthermore, azo compound 2
(M pax=523 nm), i.e., C.I. Acid Red 249 may also be used.
[¢]
SO.
azo compound 1 oH HN/ 2
SO3H L N—=N
3 c = HO;S SO;H
20
S
=N
/ \ >/
NG CoHs
N
25
7 HN  HCy SO;H
H5C2 Catts Examples of the compound having an anthrapyridone skel-
CH.
’ . eton include compounds described in Japanese Patent Laid-
SO;H Open Nos. H10-306221 and 2010-006969. Specifically,
SO.H anthrapyridone compound 1 (A,,,.=530 nm) and anthrapyri-
done compound 2 (},,,,=510 nm) may be used.
anthrapyridone compound 1
(€] (6]

anthrapyridone compound 2

COOH
SO;H
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In the case where the compound having a different struc-
ture from that of the compound represented by the general
formula (1) is used as a coloring material in an ink, the content
(% by mass) of the compound in the ink is preferably 0.10%
by mass or more and 10.00% by mass or less and more
preferably 0.30% by mass or more and 5.00% by mass or less
with respect to the total mass of the ink. In the case where the
compound having a different structure from that of the com-
pound represented by the general formula (1) is used as a
coloring material in an ink in addition to the compound rep-
resented by the general formula (1), the contents of the com-
pounds may be set as described below. To achieve a higher
level of magenta color developability, the content (% by
mass) of the compound represented by the general formula
(1) in the ink may be 0.35% by mass or more with respect to
the total mass of the ink. In this case, the upper limit of the
content (% by mass) of the compound represented by the
general formula (1) in the ink may be 10.00% by mass or less,
preferably 5.00% by mass or less, as with the foregoing case.
The total content (% by mass) of the compounds (coloring
materials) in the ink may be 0.10% by mass or more and
10.00% by mass or less with respect to the total mass of the
ink.

The inventors have conducted studies and have found that
in the case where the compound represented by the general
formula (1) and the compound having a different structure
from that of the compound represented by the general for-
mula (1) are contained in an ink in a specific mass ratio, it is
possible to further improve the light fastness with the color
developability and the moisture resistance maintained at high
levels. Specifically, with respect to the total mass of the ink,
the mass ratio of the content (% by mass) of the compound
represented by the general formula (1) to the content (% by
mass) of the compound having a different structure from that
of the compound represented by the general formula (1) is
preferably 0.1 times or more and 9.0 times or less and more
preferably 0.1 times or more and 1.0 time or less.

Aqueous Medium

Water or an aqueous medium that is a mixed medium of
water and a water-soluble organic solvent may be used for the
ink according to an embodiment of the present invention.
Deionized water (ion-exchanged water) may be used as
water. The content (% by mass) of water in the ink may be
10.0% by mass or more and 90.0% by mass or less with
respect to the total mass of the ink.

The water-soluble organic solvent is not particularly lim-
ited as long as it is soluble in water. Examples thereofinclude
monohydric and polyhydric alcohols, alkylene glycols, gly-
col ethers, nitrogen-containing polar compounds and sulfur-
containing polar compounds. The content (% by mass) of the
water-soluble organic solvent in the ink is preferably 5.0% by
mass or more and 90.0% by mass or less and more preferably
10.0% by mass or more and 50.0% by mass or less with
respect to the total mass of the ink. In the case where the ink
is used as an ink jet ink, it is possible to provide satisfactory
ejection stability of the ink ejected from a recording head
when the content of the water-soluble organic solvent is
within the foregoing range.

Additional Additives

The ink according to an embodiment of the present inven-
tion may optionally contain a water-soluble organic com-
pound that is solid at normal temperature, such as a polyhy-
dric alcohol, such as trimethylol propane or trimethylol
ethane, urea, or a urea derivative, such as ethylene urea, in
addition to the foregoing component. The ink according to an
embodiment of the present invention may optionally contain
various additives, such as a surfactant, a pH adjuster, a pre-
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servative, a fungicide, an antioxidant, a reduction inhibitor, an
evaporation promoter, a chelating agent and a water-soluble
resin.
Ink Cartridge

An ink cartridge according to an embodiment of the
present invention includes an ink and an ink storage portion.
The ink stored in the ink storage portion is the foregoing ink
according to an embodiment of the present invention.
Ink Jet Recording Method

An ink jet recording method according to an embodiment
of the present invention is a method in which the foregoing
ink according to an embodiment of the present invention is
ejected from a recording head of an ink jet system to record an
image on a recording medium. Examples of a method for
ejecting an ink include a method in which mechanical energy
is applied to an ink; and a method in which thermal energy is
applied to an ink. In an embodiment of the present invention,
a method in which thermal energy is applied to an ink may be
employed. The ink jet recording method may include known
steps, except that the ink according to an embodiment of the
present invention is used.

EXAMPLES

While the present invention will be described in more
detail below by examples and comparative examples, the
present invention is not limited to these examples so long as
the invention does not depart from the scope thereof. Regard-
ing the amount of a component, “part(s)” and “%” are
expressed on a mass basis unless otherwise specified.
Identification of Compound Represented by General Formula
1

A compound represented by the general formula (1) syn-
thesized as described below was identified by the following
analytical method:

(1) "HNMR analysis: a 'H nuclear magnetic resonance spec-
trometer (ECA-400, manufactured by JEOL Ltd);

(2) LC/MS analysis: LC/TOF MS (LC/MSD TOF, manufac-
tured by Agilent Technologies), an electrospray ionization
(ESI) method was employed as an ionization method; and
(3) UV/Vis spectral analysis: an UV/Vis spectrophotometer
(UV-3600 spectrophotometer, manufactured by Shimadzu
Corporation).

Synthesis of Compound Represented by the General
Formula (1)

Exemplified Compound 1

First, 3-isobutyrylamino-2,4,5,6-tetramethylaniline (8.9 g)
and compound (A) (7.4 g) in the foregoing synthetic scheme
were reacted in sulfolane (20 mL) in the presence of zinc
chloride (4.1 g) by heating at 150° C. for 3 hours. The result-
ing solution was cooled and then added to 50 mL of 2 mol/LL
hydrochloric acid to precipitate crystals. The precipitated
crystals was separated by filtration, washed with water, and
dried. Then 6 g of the resulting dry product was added to 30 g
of'ice-cold fuming sulfuric acid and then stirred at 20° C. to
25° C. for 4 hours. The reaction liquid was poured on 100 g of
ice. The precipitated sulfonated product was separated by
filtration and washed with cold water to give a precipitate. The
resulting precipitate was suspended in 50 mL of water. The
pH of the resulting suspension was adjusted to 7.0 with a 2
mol/L. aqueous solution of sodium hydroxide to form a solu-
tion. Crystallization was performed with acetone to give
exemplified compound 1 represented by a structural formula
described below.
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_ _ exemplified compound 1
HiC_yr_CH; HiC_yp_CH;
C C
0 NH HNAO
H,C CH; H,C CH;
H;C CH;
CH; CH;
——(SO3Na);-»
The analysis of exemplified compound 1 by (1) 'H NMR 25 Exemplified Compound 4

analysis, (2) LC/TOF MS analysis and (3) UV/Vis spectral
analysis demonstrated that exemplified compound 1 had the
foregoing structure. The analytical results are described
below.

(1) Results of *H NMR (400 MHz, DMSO-d,, room tempera- >°
ture) (see FI1G. 1):

d [ppm]=9.56 (br, 2H), 9.27 (br, 2H), 8.01 (d, 1H), 7.69 (t,
1H),7.59 (t, 1H), 7.54 (s, 1H), 7.53 (s, 1H), 7.31 (d, 1H), 5.92
(s, 2H), 2.64 (s, 2H), 2.30-1.80 (m, 24H), 1.14 (s, 12H),

(2) Results of LC/TOF MS analysis (eluent: 0.1% aqueous
solution of acetic acid-methanol, ESI):

35

retention time: 10.1 minutes, purity=58.7% by area,

First, 3-isobutyrylamino-5-ethoxy-2.4,6-trimethylaniline
(10.0 g) and compound (A) (7.4 g) in the foregoing synthetic
scheme were reacted in sulfolane (20 mL) in the presence of
zinc chloride (4.1 g) by heating at 150° C. for 3 hours. The
resulting solution was cooled and then added to 50 mL of 2
mol/L. hydrochloric acid to precipitate crystals. The precipi-
tated crystals was separated by filtration, washed with water,
and dried. Then 6 g of the resulting dry product was added to
30 g ofice-cold fuming sulfuric acid and then stirred at 20° C.
to 25° C. for 4 hours. The reaction liquid was poured on 100
g ofiice. The precipitated sulfonated product was separated by
filtration and washed with cold water to give a precipitate. The

959.27 (n=2, [M-2Na+H]") 4o Tesulting precipitate was suspended in 50 mL of water. The
. . . . pH of the resulting suspension was adjusted to 7.0 with a 2
retention time: 12.7 minutes, purity=40.5% by area, . . .
_ mol/L. aqueous solution of sodium hydroxide to form a solu-
m/7z=959.27 (n=2, [M-2Na+H] "), . _ . .
) tion. Crystallization was performed with acetone to give
(3) Results of UV/Vis spectral analysis (see FIG. 6): exemplified compound 4 represented by a structural formula
Ap=535 nm, €=77410 M~ cm™! (in water, 25° C.) described below.
exemplified compound 4
HiC_jr_-CHs HiC._jr_CHs
C C
O)\NH HN/KO
H3C CH3 H3C CH3
HsC C,H.
5 Z\O O/ 205
CH; CH;
—T—(SO3Na) 1
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The analysis of exemplified compound 4 by (1) 'H NMR
analysis, (2) LC/TOF MS analysis and (3) UV/Vis spectral
analysis demonstrated that exemplified compound 4 had the

H;C CH;

NHA~

CH;

CH;

foregoing structure. The analytical results are described
below.

(1) Results of "H NMR (400 MHz, DMSO-d,,, room tempera-
ture) (see FIG. 2):

d [ppm]=11.31 (s, 2H), 9.25 (d, 2H), 7.91 (d, 1H), 7.70-
7.40 (m, 2H), 7.18 (d, 1H), 7.10-6.90 (m, 2H), 6.33-6.07 (m,
2H), 3.78 (q, 4H), 2.67-2.62 (m, 2H), 2.15-1.84 (m, 18H),
1.38-1.11 (m, 18H);

(2) Results of LC/TOF MS analysis (eluent: 0.1% aqueous
solution of acetic acid-methanol, ESI):

retention time: 7.9 minutes, purity=30.0% by area,
m/7z=1019.29 (n=2, [M-2Na+H]"),

retention time: 9.7 minutes, purity=43.1% by area,
m/7z=1019.30 (n=2, [M-2Na+H]"),

retention time: 11.4 minutes, purity=20.9% by area,
m/7z=1019.29 (n=2, [M-2Na+H]"),

retention time: 14.3 minutes, purity=3.5% by area,
m/7z=939.33 (n=1, [M-Na+H]"),

retention time: 16.0 minutes, purity=5.2% by area,

m/z=939.33 (n=1, [M-Na+H]");
(3) Results of UV/Vis spectral analysis (see FIG. 6):
Mn=535 nm, €=100552 M~" em™! (in water, 25° C.)

Exemplified Compound 15

First, 3-isobutyrylamino-5-isobutyl-2,4,6-trimethyla-
niline (10.5 g) and compound (A) (7.4 g) in the foregoing
synthetic scheme were reacted in sulfolane (20 mL) in the
presence of zinc chloride (4.1 g) by heating at 150° C. for 3
hours. The resulting solution was cooled and then added to 50
mL of 2 mol/LL hydrochloric acid to precipitate crystals. The
precipitated crystals was separated by filtration, washed with
water, and dried. Then 6 g of the resulting dry product was
added to 30 g of ice-cold concentrated sulfuric acid and then
stirred at 20° C. to 25° C. for 4 hours. The reaction liquid was
poured on 100 g of ice. The precipitated sulfonated product
was separated by filtration and washed with cold water to give
a precipitate. The resulting precipitate was suspended in 50
mL of water. The pH of the resulting suspension was adjusted
to 7.0 with a 2 mol/LL aqueous solution of sodium hydroxide
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to form a solution. Crystallization was performed with
acetone to give exemplified compound 15 represented by a
structural formula described below.
exemplified compound 15
HC g
~NHe
HN/KO
CH;
CH;

CH;

C
/H\CH3

CH;

—(SO3Na);

The analysis of exemplified compound 15 by (1) 'H NMR
analysis, (2) LC/TOF MS analysis and (3) UV/Vis spectral
analysis demonstrated that exemplified compound 15 had the
foregoing structure. The analytical results are described
below.

(1) Results of "H NMR (400 MHz, DM SO-d,,, room tempera-
ture) (see FIG. 3):

d [ppm]=9.57 (brs, 2H), 9.23 (br, 2H), 8.02 (d, 1H), 7.70 (t,
1H), 7.60 (t, 1H),7.54 (s, 2H), 7.30 (d, 1H), 5.90 (d, 2H), 2.61
(d, 4H), 2.15-1.78 (m, 22H), 1.14-0.85 (m, 24H),

(2) Results of LC/TOF MS analysis (eluent: 0.1% aqueous
solution of acetic acid-methanol, ESI):

retention time: 15.1 minutes, purity=57.1% by area,
m/z=1043.36 (n=2, [M-2Na+H]"),

retention time: 16.9 minutes, purity=42.4% by area,
m/z=1043.36 (n=2, [M-2Na+H]");
(3) Results of UV/Vis spectral analysis (see FIG. 6):

P =528 nm, €=81796 M~ cm™ (in water, 25° C.)

Exemplified Compound 16

First, 3-isobutyrylamino-5-propyl-2.4,6-trimethylaniline
(10.0 g) and compound (A) (7.4 g) in the foregoing synthetic
scheme were reacted in sulfolane (20 mL) in the presence of
zinc chloride (4.1 g) by heating at 150° C. for 3 hours. The
resulting solution was cooled and then added to 50 mL of 2
mol/L. hydrochloric acid to precipitate crystals. The precipi-
tated crystals was separated by filtration, washed with water,
and dried. Then 6 g of the resulting dry product was added to
30 g of ice-cold concentrated sulfuric acid and then stirred at
20°C.t025°C. for 4 hours. The reaction liquid was poured on
100 g of ice. The precipitated sulfonated product was sepa-
rated by filtration and washed with cold water to give a pre-
cipitate. The resulting precipitate was suspended in 50 mL of
water. The pH of the resulting suspension was adjusted to 7.0
with a 2 mol/L. aqueous solution of sodium hydroxide to form
a solution. Crystallization was performed with acetone to
give exemplified compound 16 represented by a structural
formula described below.
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The analysis of exemplified compound 16 by (1) *"H NMR
analysis, (2) LC/TOF MS analysis and (3) UV/Vis spectral
analysis demonstrated that exemplified compound 16 had the
foregoing structure. The analytical results are described
below.

(1) Results of "H NMR (400 MHz, DMSO-d,,, room tempera-
ture) (see FIG. 4):

3 [ppm]=9.57 (brs, 2H), 9.40-9.00 (br, 2H), 8.00 (d, 2H), *°
7.69 (t, 1H), 7.59 (t, 1H), 7.54 (s, 1H), 7.53 (s, 1H), 7.29 (d,
1H), 5.92 (s, 2H), 2.63 (s, 2H), 2.23-1.89 (m, 22H), 1.44 (brs,
4H), 1.30-0.83 (m, 18H);,

(2) Results of LC/TOF MS analysis (eluent: 0.1% aqueous 35
solution of acetic acid-methanol, ESI):

retention time: 14.0 minutes, purity=63.5% by area,
m/z=1015.33 (n=2, [M-2Na+H]"),

retention time: 16.0 minutes, purity=35.9% by area
m/7z=1015.33 (n=2, [M-2Na+H]");

(3) Results of UV/Vis spectral analysis (see FIG. 6):

A=530 nm, €=78923 M~* cm™! (in water, 25° C.)
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exemplified compound 16

cH
H 3
~e”

CH;
CHy
CH;
—T—(803Na);.,
Exemplified Compound 27
First, 3-isobutyrylamino-5-isobutyl-2,4,6-trimethyla-

5 niline (2.5 g) and compound (A) (7.4 g) in the foregoing

synthetic scheme were reacted in sulfolane (20 mL) at 80° C.
for 3 hours. Then 3-isobutyrylamino-5-propyl-2,4,6-trim-
ethylaniline (7.5 g) was added thereto. The mixture was
reacted in the presence of zinc chloride (4.1 g) by heating at
150° C. for 2 hours. The resulting solution was cooled and
then added to 50 mL of 2 mol/L hydrochloric acid to precipi-
tate crystals. The precipitated crystals was separated by fil-
tration, washed with water, and dried. Then 6 g of the result-
ing dry product was added to 30 g of ice-cold concentrated
sulfuric acid and then stirred at 20° C. to 25° C. for 4 hours.
The reaction liquid was poured on 100 g of ice. The precipi-
tated sulfonated product was separated by filtration and
washed with cold water to give a precipitate. The resulting
precipitate was suspended in 50 mL of water. The pH of the
resulting suspension was adjusted to 7.0 with a 2 mol/LL
aqueous solution of sodium hydroxide to form a solution.
Crystallization was performed with acetone to give exempli-
fied compound 27 represented by a structural formula
described below.

exemplified compound 27

HyC CH;

NHo

Gy

CH;

—T—(803Na);.»
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The analysis of exemplified compound 27 by (1) *"H NMR
analysis, (2) LC/TOF MS analysis and (3) UV/Vis spectral
analysis demonstrated that exemplified compound 27 had the
foregoing structure. The analytical results are described
below.
(1) Results of "H NMR (400 MHz, DMSO-d,,, room tempera-
ture) (see FIG. 5):

d [ppm]=9.57 (brs, 2H), 9.40-9.00 (br, 2H), 8.00 (d, 2H),
7.69 (t, 1H), 7.59 (t, 1H), 7.54 (s, 1H), 7.53 (s, 1H), 7.29 (d,

24

(3) Results of UV/Vis spectral analysis (see FIG. 6):
A =535 nm, €=92783 M~ cm™ (in water, 25° C.)

Other Compounds

Compounds described in Table 1 were synthesized accord-
ing to the foregoing synthetic methods. Structures of these
compounds were identified in the same way as in exemplified
compounds 1, 4, 15, 16 and 27. Table 1 also describes the

1H), 5.92 (s, 2H), 2.63 (s, 2H), 2.23-1.89 (m, 22H), 1.44 (brs, 10 structures of synthesized exemplified compounds 1, 4, 15, 16
4H), 1.30-0.83 (m, 18H); and 27.
(2) Results of LC/TOF MS analysis (eluent: 0.1% aqueous In Table 1, “Me” represents methyl, “Et” represents ethyl,
solution of acetic acid-methanol, ESI): “n-Pr” represents n-propyl, “i-Pr” represents i-propyl, “i-Bu”
retention time: 14.0 minutes, purity=63.5% by area, represents i-butyl, “t-Bu” represents tert-butyl, “1-MeBu”
m/z=1015.33 (n=2, [M-2Na+H]") 15 represents 1-methylbutyl, “n-Hx” represents n-hexyl and
retention time: 16.0 minutes, purity=35.9% by area, “Ph” represents phenyl. “*” represents the bonding site of a
m/z=1015.33 (n=2, [M-2Na+H]"); substituent.
TABLE 1
Exemplified compound represented by general
formula.
Ex-
€Imn-
pli-
fled
com-
pound R, R, R, R, Ry R R, Rg R, Ry z n
1 Me i-PrCONH Me Me Me Me i-PrCONH Me Me Me SO3;Na 1~2
2 Me i-PrCONH Me Et Me Me i-PrCONH Me Et Me SO3Na 1~2
3 Et EtCONH Et Et Et Et EtCONH Et Et Et SO3Na  1~2
4 Me i-PrCONH Me EtO Me Me i-PrCONH Me EtO Me SO3;Na  1~2
5 Me MeCONH Me n-Hx Me Me MeCONH Me n-Hx Me SO3Na 1~2
6 Me i-PrCONH Me Me Me n-Pr Me n-Pr H Me SO3Na 2~3
7 Me i-PrCONH Me n-Pr Me Me i-PrCONH Me Me Me SO3;Na 1~2
8 Me i-PrCONH Me i-Bu Me Me MeCONH H 1-MeBu Me SO;Na 1-~2
9 1 MeCONH H Me n- n-Pr MeCONH H Me n-Pr SO3;Na 1~2
Pr Pr
10 t- MeCONH Me Me Me t-Bu MeCONH Me Me Me SO3Na 1~2
Bu
11  Me MeCONH Me MeCONH Me Me MeCONH Me Me Me SO;H 1~2
12 Me i-PrCONH Me Me Me i-Pr MeCONH i-Pr H i-Pr SO,NH, 1-~2
13 Me [e) Me Me Me Me [e) Me Me Me SO3Na 1~2
A A
7 N = N
- -
X X
N N
14 Me fo) Me i-Pr Me Me fo) Me i-Pr Me SO3;Na 1~2
3 /\)‘\ *
H3C/\)J\N/ Hi;C \ N~
H H
15 Me i-PrCONH Me i-Bu Me Me i-PrCONH Me i-Bu Me SO3;Na 1~2
16 Me i-PrCONH Me n-Pr Me Me i-PrCONH Me n-Pr Me SO3;Na 1~2
17 Me PhCONH Me Me Me Me PhCONH Me Me Me SONa 2~3
18 Me n-PrCONH Me n-PrO Me Me n-PrCONH Me 1n-PrO Me SO3Na 1~2
19 Me MeCONH Me PHO Me Me MeCONH Me PhO Me SO,Na 2~3
20 Me PhCONH Me Me  Me Et H Me H Et SOsNa 1~2
21 Me i-PrCONH EtO H Me Me i-PrCONH Me n-Pr Me SO3;Na  1~2
22 Me MeCONH PhO H Me Me i-PrCONH Me Me Me SO;NH, 2~3
23 - MeCONH Me Me Me Me MeCONH Me Me Me SO;Li  1~2
Hx
24 Me o) Me Me Me Me o) Me Me Me — 0
/* /*
N N
H H
COONa COONa
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TABLE 1-continued
Exemplified compound represented by general
formula.
Ex-
em-
pli-
fied
com-
pound R; R, R; R, Rs Ry R, Rg Ry Rio Z n
25 Me fo) Me Et Me Me fo) Me Et Me SO;K  1-2
/* /*
N N
H H
26 Me H Me t-Bu Me Me H Me t-Bu Me SO3Na 2~3
N N
. N
e} e}
27 Me i-PrCONH Me i-Bu Me Me i-PrCONH Me n-Pr Me SO3;Na 1-~2
28 Me MeCONH Me i-Bu Me Me MeCONH Me i-Bu Me SO3;Na 1-~2
Preparation of Ink Coloring material (a kind described in Tables 2 and 3):

Components described below (units: %) were mixed, and
the mixture was sufficiently stirred to form a solution. The

solution was subjected to the pressure-filtration with a filter 30

having a pore size of 0.2 pm to prepare an ink. Tables 2 and 3
describe the contents C, (%) of the compounds represented by
the general formula (1) and the contents C,(%) of the com-
pounds having different structures from those of the com-

pound represented by the general formula (1). Tables 2 and 3 35

also describe the values of the mass ratio (time) of “the
content C, of the compound represented by the general for-
mula (1)/the content C, of the compound having different
structures from those represented by the general formula (1)”.

Amount used (%) described in Tables 2 and 3.

Ethylene glycol: 9.00%

Diethylene glycol: 9.00%

Acetylenol E100 (nonionic surfactant, manufactured by
Kawaken Fine Chemicals Co., Ltd.): 1.00%

Deionized water: an amount such that the total amount was
100.00%.

Inks in Examples 5, 8, 11, 12 and 24 were required to be
heated in their preparations because the coloring materials
had low solubility. Inks in other examples and comparative
examples were prepared at ordinary temperature (25° C.).

TABLE 2

Composition and properties of ink.

Composition Properties
of ink of ink

Compound Mass
represented Amount Other Amount Content Content ratio

by general used coloring used C, C, C,/C,

formula (1) (%) materials (%) (%) (%)  (time)
Example 1 exemplified compound 1 3.50 — — 3.50 0.00 —
2 exemplified compound 2 3.50 — — 3.50 0.00 —
3 exemplified compound 3 3.50 — — 3.50 0.00 —
4 exemplified compound 4 3.50 — — 3.50 0.00 —
5 exemplified compound 5 3.50 — — 3.50 0.00 —
6 exemplified compound 6 3.50 — — 3.50 0.00 —
7 exemplified compound 7 3.50 — — 3.50 0.00 —
8 exemplified compound 8 3.50 — — 3.50 0.00 —
9 exemplified compound 9 3.50 — — 3.50 0.00 —
10 exemplified compound 10 3.50 — — 3.50 0.00 —
11 exemplified compound 11 3.50 — — 3.50 0.00 —
12 exemplified compound 12 3.50 — — 3.50 0.00 —
13 exemplified compound 13 3.50 — — 3.50 0.00 —
14 exemplified compound 14 3.50 — — 3.50 0.00 —
15 exemplified compound 15 3.50 — — 3.50 0.00 —
16 exemplified compound 16 3.50 — — 3.50 0.00 —
17 exemplified compound 17 3.50 — — 3.50 0.00 —
18 exemplified compound 18 3.50 — — 3.50 0.00 —
19 exemplified compound 19 3.50 — — 3.50 0.00 —
20 exemplified compound 20 3.50 — — 3.50 0.00 —
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TABLE 2-continued

Composition and properties of ink.

Composition Properties
of ink of ink

Compound Mass

represented Amount Other Amount Content Content ratio

by general used coloring used C, C, C/C,

formula (1) (%) materials (%) (%) (%)  (time)
21 exemplified compound 21 3.50 — — 3.50 0.00 —
22 exemplified compound 22 3.50 — — 3.50 0.00 —
23 exemplified compound 23 3.50 — — 3.50 0.00 —
24 exemplified compound 24 3.50 — — 3.50 0.00 —
25 exemplified compound 25 3.50 — — 3.50 0.00 —
26 exemplified compound 26 3.50 — — 3.50 0.00 —
27 exemplified compound 27 3.50 — — 3.50 0.00 —
28 exemplified compound 28 3.50 — — 3.50 0.00 —
29 exemplified compound 15 1.75 — — 3.50 0.00 —

exemplified compound 16 1.75
30 exemplified compound 16 1.00 azo compound 1 2.50 1.00 2.50 0.40
31 exemplified compound 16 1.00 azo compound 2 2.50 1.00 2.50 0.40

32 exemplified compound 16 1.00  anthrapyridone compound 1~ 2.50 1.00 2.50 0.40

TABLE 3

Composition and properties of ink.

Properties of ink

Composition of ink Mass
Compound ratio
represented by Amount Other Amount Content Content  C,/
general used coloring used C, C, C,
formula (1) (%) material (%) (%) (%) (time)
Example 33 exemplified compound 16  1.00  anthrapyridone compound 2~ 2.50 1.00 2.50 0.40
34 exemplified compound 16 1.00 azo compound 1 1.25 1.00 2.50 0.40
anthrapyridone compound 1~ 1.25
35 exemplified compound 16 1.00 azo compound 2 1.25 1.00 2.50 0.40
anthrapyridone compound 2 1.25
36 exemplified compound 1 1.00 azo compound 1 2.50 1.00 2.50 0.40
37 exemplified compound 4  1.00 azo compound 1 2.50 1.00 2.50 0.40
38 exemplified compound 9 1.00 azo compound 1 2.50 1.00 2.50 0.40
39 exemplified compound 10 1.00 azo compound 1 2.50 1.00 2.50 0.40
40 exemplified compound 15 1.00 azo compound 1 2.50 1.00 2.50 0.40
41 exemplified compound 20 1.00 azo compound 1 2.50 1.00 2.50 0.40
42 exemplified compound 24 1.00 azo compound 1 2.50 1.00 2.50 0.40
43 exemplified compound 25 1.00 azo compound 1 2.50 1.00 2.50 0.40
44 exemplified compound 27  1.00 azo compound 1 2.50 1.00 2.50 0.40
45 exemplified compound 28  1.00 azo compound 1 2.50 1.00 2.50 0.40
46 exemplified compound 16~ 3.20 azo compound 1 0.30 3.20 0.30 10.67
47 exemplified compound 16 3.15 azo compound 1 0.35 3.15 0.35 9.00
48 exemplified compound 16~ 2.80 azo compound 1 0.70 2.80 0.70 4.00
49 exemplified compound 16 ~ 1.80 azo compound 1 1.70 1.80 1.70 1.06
50 exemplified compound 16 1.75 azo compound 1 1.75 1.75 1.75 1.00
51 exemplified compound 28  1.75 azo compound 1 1.75 1.75 1.75 1.00
52 exemplified compound 16 0.35 azo compound 1 3.15 0.35 3.15 0.11
53 exemplified compound 16 0.30 azo compound 1 3.20 0.30 3.20 0.09
Comparative 1 — — comparative compound 1 3.50 0.00 3.50 0.00
Example 2 — — comparative compound 2 3.50 0.00 3.50 0.00
3 — — comparative compound 3 3.50 0.00 3.50 0.00
4 — — comparative compound 4 3.50 0.00 3.50 0.00
5 — — comparative compound 5 3.50 0.00 3.50 0.00
6 — — azo compound 1 3.50 0.00 3.50 0.00
7 — — azo compound 2 3.50 0.00 3.50 0.00
8 — — anthrapyridone compound 1~ 3.50 0.00 3.50 0.00
9 — — anthrapyridone compound 2~ 3.50 0.00 3.50 0.00
10 — — comparative compound 1 1.00 0.00 3.50 0.00
azo compound 1 2.50
11 — — comparative compound 5 1.00 0.00 3.50 0.00
azo compound 1 2.50

Azo compound 1 was used as a lithium salt, and azo com- . tures. The structures of comparative compounds 1 to 5 are
pound 2 and anthrapyridone compounds 1 and 2 were used as illustrated below. Comparative compound 1 is C.I. Acid Red
sodium salts, these compounds having the foregoing struc- 289. Comparative compound 2 is C.I. Acid Red 52.



US 9,410,038 B2
29

CH; H;C

CH;

CoHs CoHs

N (0] N
Hscz/ 7 \Csz
/

SO;Na

SO;Na

CH;

HN CH;

B H;CYO OY

NH

CH; |

——S0;Na

30

comparative compound 1

comparative compound 2

comparative compound 3

comparative compound 4



US 9,410,038 B2

-continued

- comparative compound 5
CH; CH;
@) NH HN @]
H,C CH; H,C CH;
CH; CH;
—~(SO3Na) -,
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Evaluation In portions of the solid images of the recorded article, a*

Evaluations as described below were made on exemplified
compounds 1, 4, 15, 16 and 27 and the inks. Colors of images
were measured with a spectrophotometer (trade name: Spec-
trolino, manufactured by GretagMacbeth AG) using a D50
light source at a visual field of 2°. L*, a* and b* are those in
the L*a*b* color space specified by Commission Internatio-
nale de I’Eclairage (CIE).

Properties of Compound Represented by General Formula
M

To compare the properties of the compounds represented
by the general formula (1) with the properties of coloring
materials having xanthene skeletons in the related art, evalu-
ations as described below were performed. Specifically, C.1.
Acid Red 289 and C.I. Acid Red 52 were analyzed under the
same conditions (in water, 25° C.) as in (3) UV/Vis spectral
analysis among the foregoing identification methods. As is
clear from FIG. 6, each of exemplified compounds 1, 4,15, 16
and 27, which were typical compounds represented by the
general formula (1), had a maximum absorption wavelength
Ao Of @bout 530 nm and a preferable magenta hue. Further-
more, they each had high absorbance at &, and excellent
color developability. In contrast, while C.I. Acid Red 289 had
apreferable hue close to magenta, C.I. Acid Red 289 had low
absorbance at A, and relatively low color developability.
While C.I. Acid Red 52 had high absorbance at A, ,, to some
extent and good color developability, C.I. Acid Red 52 had a
bluish magenta hue, which was less preferred.

Color Developability

Each ofthe inks prepared as described above was filled into
an ink cartridge. The cartridge was mounted on an ink jet
recording apparatus (PIXUS iP8600, manufactured by
CANON KABUSHIKI KAISHA) configured to eject the ink
from a recording head by the effect of thermal energy. In the
present examples, a solid image recorded by applying 8 ink
droplets (2.5 pL per droplet) to an unit area of Yoo inchx 600
inch is defined as a solid image having a recording duty of
100%. Ten types of solid images having different recording
duties from 10% to 100% in 10% steps were recorded on plain
paper (PB PAPER, manufactured by CANON KABUSHIKI
KAISHA) with the ink jet recording apparatus in an environ-
ment with a temperature of 23° C. and a relative humidity of
55% to form a recorded article. The resulting recorded article
was dried for 24 hours in an environment with a temperature
ot 23° C. and a relative humidity of 55%.
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and b* were measured for each recording duty. The chroma
was calculated from the expression C*={(a*)?+(b*)?}*/2
using the values of a* and b* of the solid image having a
recording duty of 100%. Among the 10 types of solid images,
a solid image having a* closest to 50 was determined, and the
hue angle H® was calculated from the following expressions
using the values of a* and b* of the solid image:

Hue angle H°=tan™! (b*/a*) when a*=0 and b*=0 (first quad-
rant),

Hue angle H°=180+tan" (b */a*) when a*<0 and

b*=0 (second quadrant),

Hue angle H°=180+tan™!(h*/a*) when a*<0 and

b*=0 (third quadrant), and

Hue angle H°=360+tan" (b */a*) when a*=0 and

b*=0 (fourth quadrant).

The color developability was evaluated according to the
following evaluation criteria using the values of C* and H®:
A: H° was 340 or more and less than 360, and C* was 65 or
more.

B: H® was 340 or more and less than 360, and C* was 63 or
more and less than 65.
C: H° was 0 or more and less than 340, or C* was less than 63.

In examples of the present invention, the color develop-
ability levels rated as A and B were defined as acceptable
levels. The color developability level rated as C was defined
as unacceptable level. Table 4 describes the evaluation results.
Light fastness: conditions 1 and 2

Solid images each having a recording duty of 100% were
recorded to form recorded articles with the same recording
apparatus and conditions as above, except that glossy paper
(CANON Photo Paper Pro Platinum PT-101, manufactured
by CANON KABUSHIKI KAISHA) was used as a recording
medium. The resulting recorded articles were dried for 24
hours in an environment with a temperature of 23° C. and a
relative humidity of 55%. The optical density of the solid
image of each of the recorded articles was measured (herein-
after, referred to as an “optical density before testing”). Then
the recorded articles were placed in a xenon tester (Xenon
Weather Meter SX-75, manufactured by Suga Test Instru-
ments Co., [.td.) and irradiated with xenon light at a tempera-
ture in a chamber 0f 23° C., a relative humidity of 50% and an
illuminance of 50 klx for 240 hours (condition 1) and 360
hours (condition 2). The optical density of the solid image of
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each of the recorded articles was measured (hereinafter,
referred to as an “optical density after testing”). Then the
residual rate of the optical density (%) was calculated from
the expression: Residual rate of optical density (%)=(optical
density after testing/optical density before testing)x100. The
light fastness (under the conditions 1 and 2) was evaluated
according to the following evaluation criteria for each article.
Evaluation Criteria for Condition 1

A: The residual rate of the optical density was 85% or more.

B: The residual rate of the optical density was 75% or more

and less than 85%.

C: The residual rate of the optical density was 65% or more

and less than 75%.

D: The residual rate of the optical density was less than 65%.
According to examples of the present invention, the levels

of the residual rates rated as A and B under condition 1 were

defined as acceptable levels. The levels of the residual rates

rated as C and D under condition 1 were defined as unaccept-

able levels. Table 4 describes the evaluation results.

Evaluation Criteria for Condition 2

AA: The residual rate of the optical density was 90% or more.

A: The residual rate of the optical density was 85% or more
and less than 90%.

B: The residual rate of the optical density was 75% or more

and less than 85%.

C: The residual rate of the optical density was less than 75%.
Under condition 2, the light fastness of the images was

evaluated under stricter conditions than condition 1. The

ranks C, B, A and AA are arranged in the order of their

increasing light fastness. Table 4 describes the evaluation

results.

Moisture Resistance

Images each having a pattern described below were
recorded to form recorded articles with the same recording
apparatus and conditions as above, except that glossy paper
(CANON Photo Paper Glossy Gold GL-101, manufactured
by CANON KABUSHIKI KAISHA) was used as a recording
medium. The pattern was one in which solid images each
having a recording duty of 100% and non-recorded portions
each having the same size as the solid image were arranged in
a grid-like shape. The resulting recorded articles were dried
for 24 hours in an environment with a temperature of 23° C.
and a relative humidity of 55%. L*, a* and b* of portions of
the solid images of each of the recorded articles were mea-
sured (hereinafter, referred to as “L,*”, “a,*” and “b,*”,
respectively). The recorded articles were placed in a thermo-
hygrostat set at a temperature of 30° C. and a relative humid-
ity of 90% for 168 hours. L*, a* and b* of the portions of the
solid images of each of the recorded articles were measured
(hereinafter, referred to as “L,*”, “a,*” and “b,*”, respec-
tively). A color change (OE) was calculated from Color
change (OB)={(L,*-L,*) (a,*-a,*)2+(b,*~b,*}*}*"%. The
moisture resistance was evaluated according to evaluation
criteria described below:

A: OF was less than 5.

B: OE was 5 or more and less than 10.
C: OE was 10 or more and less than 15.
D: OE was 15 or more.

According to examples of the present invention, the mois-
ture resistance levels rated as A and B were defined as accept-
able levels. The moisture resistance levels rated as C and D
were defined as unacceptable levels. Table 4 described the
evaluation results.
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TABLE 4

Evaluation results.

Evaluation results

Light
fastness

M

Light
fastness

@

Color
developability

Moisture
resistance

Example
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The color developability in Example 53 was rated as rank
A. However, Example 53 was relatively inferior to Example
52.

As described above, the compound represented by the gen-
eral formula (1) according to an embodiment of the present
invention has a magenta hue similar to that of C.I. Acid Red
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289 and excellent color developability. Furthermore, the
compound represented by the general formula (1) overcomes
the drawbacks of C.I. Acid Red 289 and has excellent levels of
light fastness and moisture resistance. Moreover, the combi-
nation use of the compound represented by the general for-
mula (1) and a coloring material having a different structure
from that of the compound represented by the general for-
mula (1) results in further improvement in light fastness.
While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.
This application claims the benefit of Japanese Patent
Application No. 2013-057563 filed Mar. 21, 2013, which is
hereby incorporated by reference herein in its entirety.
What is claimed is:
1. A compound represented by the following general for-
mula (1):

general formula (1)

R, R,
R; R, Re Rg

Rs

T @

wherein R, R, R and R, each independently represent
an alkyl group; R; and Rg each independently represent
a hydrogen atom, an alkyl group, an alkoxy group or an
aryloxy group; R,, R,, R, and R, each independently
represent a hydrogen atom, an alkyl group, an alkoxy
group, an aryloxy group or a group represented by the
general formula (2) described below, at least one of R,,
R,, R, and R, represents an alkyl group, an alkoxy group
oran aryloxy group, and atleastone of R, R,, R;and Ry
represents a group represented by general formula (2)
described below; Z independently represents a sulfonic
group or a sulfamoyl group; n represents an integer of 0

R;

R; R,

Rs
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to 3 when at least one of R,, R;, R,, R,, Ry and Ry
contains an ionic group, and n represents an integer of 1
to 3 when none of R,, R5, R, R, Ry and R, contains an
ionic group; and when Z is present, Z. is substituted for at
least one hydrogen atom of an aromatic ring in the gen-
eral formula (1),

general formula (2)
e}

)j\ *
R N~
H

wherein R, | represents an alkyl group, a cycloalkyl group,
an aryl group, an aralkyl group, an alkenyl group or a
heterocyclic group; and * represents the bonding site of
an aromatic ring in the general formula (1).

2. The compound according to claim 1,

wherein R, | in the general formula (2) represents an alkyl
group or an aryl group.

3. The compound according to claim 1,

wherein in the general formula (1), n represents an integer
of 1to 3, and

Z represents a sulfonic group in the form of a salt.

4. The compound according to claim 1,

wherein in the general formula (1), R, R5, Rgand R, each
independently represent an alkyl group having 1 to 3
carbon atoms.

5. The compound according to claim 1,

wherein in the general formula (1), R; and Ry each inde-
pendently represent an alkyl group having 1 to 3 carbon
atoms.

6. The compound according to claim 1,

wherein in the general formula (1), R, and R represent the
same group,

R, and R, represent the same group,

R; and R represent the same group,

R, and R, represent the same group, and

Rs and R, represent the same group.

7. The compound according to claim 1,

wherein in the general formula (1), R, and R, each repre-
sent a group represented by the general formula (2), and

R, and R, each represent an alkyl group.

8. An ink comprising:

a coloring material,

wherein the coloring material contains a compound repre-
sented by the following general formula (1):

general formula (1)

Rig

T @n
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wherein R, Rs, R and R, each independently represent

an alkyl group; R; and R4 each independently represent

a hydrogen atom, an alkyl group, an alkoxy group or an
aryloxy group; R,, R,, R, and R, each independently
represent a hydrogen atom, an alkyl group, an alkoxy 5
group, an aryloxy group or a group represented by the
general formula (2) described below, at least one of R,,
R,, R, and R, represents an alkyl group, an alkoxy group
oran aryloxy group, and atleastone of R, R,, R;and Ry
represents a group represented by general formula (2)
described below; Z independently represents a sulfonic
group or a sulfamoyl group; n represents an integer of 0
to 3 when at least one of R,, R;, R,, R,, Rg and Ry
contains an ionic group, and n represents an integer of 1
to 3 when none of R,, R5, R, R, Ry and R, contains an
ionic group; and when Z is present, Z is substituted for at 13
least one hydrogen atom of an aromatic ring in the gen-
eral formula (1),

O
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wherein R, | represents an alkyl group, a cycloalkyl group,
an aryl group, an aralkyl group, an alkenyl group or a
heterocyclic group; and * represents the bonding site of
an aromatic ring in the general formula (1).

9. The ink according to claim 8,

wherein the coloring material further contains a compound
having a different structure from that of the compound
represented by the general formula (1).

10. The ink according to claim 8,

wherein the ink is an ink jet ink.

11. An ink cartridge comprising:

an ink; and

an ink storage portion,

wherein the ink comprises the ink according to claim 8.

12. An ink jet recording method comprising ejecting an ink

from a recording head of an ink jet system to record an image
5o on arecording medium,

wherein the ink comprises the ink according to claim 8.



